Ultraviolet Irradiation of Herpes Simplex Virus: Action Spectrum for the Survival of
Infectivity in Relation to the Small-plaque Effect (Accepted 6 September I972) Action spectra for the inactivation of virus infectivity by u.v. irradiation have shown peaks predominantly at wavelengths from 260 to 265 nm. Such results have been obtained for viruses containing both RNA and DNA: plant viruses, e.g. tobacco mosaic virus (Hollaender & Duggar, 1936; Kleczkowski, 1963) , tobacco necrosis virus (Kassanis & Kleczkowski, 1965) and potato virus X (Kleczkowski & Gorier, 1969) ; bacteriophages, e.g. T 1 and T 2 (Zelle & Hollaender, 1954; Fluke, I956) , T4D (WinNer, Johns & Kellenberger, 1962) and M 5 (Franklin, Friedman & Setlow, 1953) ; and animal viruses, e.g. vaccinia (Rivers & Gates, I928) , Rous sarcoma virus (Sturm, Gates & Murphy, I932 ) and influenza virus (Hollaender & Oliphant, 1944; Tamm & Fluke, 195o ) . Rauth 0965) also compared action spectra for several animal and bacterial viruses.
Previous work (Ross, Wildy & Cameron, 1971 ; Ross, Cameron & Wildy, 1972) has shown that the u.v. irradiation of herpes viruses not only reduces their infectivity but induces a delay in the multiplication of surviving virus. This work suggests that these effects are primarily due to lesions in the virus DNA but lesions in proteins may also play a part. This paper presents an action spectrum for the survival of infectivity in relation to the smallplaque effect.
I have used the rn~EM strain of herpes simplex virus type I which was propagated in BHK-21 cells (Watson et al. I966) . The crude virus suspension in growth medium was diluted I/IO in buffered saline (Dulbecco & Vogt, 1954) . These dilutions were centrifuged at 4ooo rev/min for Io min to remove coarse material before exposure to u.v. light. These virus suspensions contained about 0.8 mg protein]ml as determined by the method of Lowry et al. (195I) . Virus suspensions (I ml) in shallow (o'35 mm) layers in glass Petri dishes (60 mm diam.) were irradiated with u.v. light from a Bausch and Lomb high-intensity monochromator fitted with a xenon light source. The instrument was calibrated and used under the conditions described by Sime & Bedson (1973) . Virus samples were irradiated with wavelengths at 5 nm intervals within the range 220 to 300 nm (band width = 9.6 nm). After irradiation at room temperature (22 °C), the samples were assayed for the survival of virus infectivity by the method of Russell (1962) with a CM-cellulose overlay and incubation at 37 °Cfor 7 I to 73 h.
The initial linear region of the multi-component plaque survival curve, which conforms to ' one-hit' inactivation kinetics, was used to determine the 37 ~ survival dose (D 37) for each wavelength. The periods of irradiation were usually extended to a survival of IO ~ or less. In all cases, six experimental points, including that for the unirradiated control, were used to obtain the best-fit straight line (by the least squares method) for this part of the curve. An action spectrum for plaque survival is presented as the reciprocal of the D 37, expressed in incident photons per dish, against the wavelength (Fig. I a) . comparable with those of Powell (1959) , the profile of the action spectrum is quite different because I have tested the action at closely spaced wavelengths. The two peaks at 260 and 28o nm suggest that the survival of virus infectivity after u.v. irradiation is determined by u.v. absorption by both the nucleic acid and the protein components of the virus particles. The only previously published action spectrum for the survival of infectivity showing two such distinct peaks, at 254 and 28o nm, was obtained by Franklin et al. (I953) for the bacteriophage M 5 of Bacillus megatherium. Sime & Bedson (I973) have obtained action spectra for the survival of infectivity of vaccinia virus and T 2 bacteriophage. They showed that for T 2 phage there are two separate peaks at 265 and 28o nm. For vaccinia virus there is no peak at 28o nm, but a broad peak from 255 to 275 nm may be composed of two peaks at 255 to 26o nm and at 27o rim, but this is doubtful The plaques from the infectivity assays used for my action spectrum were examined for any reduction in median plaque-size at individual wavelengths. For each experimental point, 5o plaques were measured, as previously described (Ross et al. I972) . For all wavelengths, the median plaque-sizes were normalized to standardize results from different experiments and then plotted against the D 37 for infectivity (Fig. z) . Each of the points represents the mean value for two typical experiments. The data for the wavelengths not shown would be superimposed on the data for 23o, 25o and 3oo nm, and therefore have been omitted from the The results are extremely difficult to interpret and for technical reasons it will not be easy to improve on them. The curves for 26o and 28o nm are consistent with a nucleic acid absorption spectrum but the relatively small effects found at intermediate wavelengths cannot be readily explained. The sharp peaks of activity at z6o and 28o nm suggest that the absorption sites are small rather than large molecules. If this is so, these small molecules would have to be associated with the virus nucleic acid since the small-plaque effect is reversible by photoreactivation (Ross et al. I972) , indicating that pyrimidine dimer lesions are involved.
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